In contrast to neoclassical theory, behavioral theories suggest reasons why consumers may suffer welfare losses from access to credit, including presentbiased preferences (Laibson 1997) or lack of financial capability (Agarwal et al. 2009 ). These theories can provide a rationale for regulatory interventions We thank John Campbell and Jonathan Zinman for their generous comments and suggestions. We thank Willrestricting consumer lending, such as price caps or responsible lending rules. As any reduction in firm revenues or increases in lending costs due to regulation cause lenders to adjust their lending at the margin (Rigbi 2013) , the welfare effects of loan access for marginal borrowers are the primary determinants of whether many regulatory interventions are net beneficial.
This paper examines the effects of extending credit to marginal borrowers in the context of the payday lending market. The emergence of payday loans has resulted in a surge of policy debate. Proponents of payday loans argue they improve consumption smoothing possibilities, especially in emergencies, and that restricting access causes consumers to use more expensive inferior substitutes, such as bank overdrafts. Critics argue that borrowing costs are excessive (and misunderstood by consumers), that consumers overborrow due to overoptimism about their ability to repay, and that they are vulnerable to "debt spirals."
A broad range of studies using U.S. data, mostly based on geographic variation in access to loans due to regulation, yield very mixed results on the effects of payday loans on consumers. One set of studies finds that payday loans cause financial hardship: households are more likely to miss bill payments and delay healthcare spending (Melzer 2011) , make increased use of food stamps (Melzer 2018) and file for bankruptcy . Access to payday loans also increases local criminal arrest rates (Cuffe 2013 ) and gambling (Baugh 2016) . However, another set of studies shows that access to loans has positive effects on consumption smoothing (Zaki 2016 ) and ability to cope with disasters (Morse 2011) or financial emergencies (Dobridge 2016) . There are mixed results from studies exploiting random assignment of military personnel, with some evidence that payday loans cause a decline in job performance (Carrell and Zinman 2014) , while Carter and Skinnyhorn (2017) find no effects. Studies based on state lending bans find that when bans are imposed, consumers turn to bouncing checks (Morgan, Strain, and Seblani 2008) use expensive bank overdrafts (Bhutta, Goldin, and Homonoff 2016) or miss payments (Desai and Elliehausen 2017) . The overall financial effects of payday loans on consumer credit scores are unclear, with Bhutta (2014) and Bhutta, Skiba, and Tobacman (2015) finding no statistically significant effects.
The central challenge in answering the question we pose is that of finding high-quality econometric identification in representative data sets that allow the researcher to observe a broad range of outcomes affected by using payday loan products. We draw upon a data set comprising nearly all U.K. payday loans in 2012-13, including details of firm lending models, with matched consumer credit file records. For identification, we employ a regression discontinuity (RD) research design using lender proprietary credit score thresholds, which create discontinuities in the likelihood of obtaining a payday loan.
The United Kingdom has the world's second largest payday lending market after the United States. In 2013 approximately 10% of the U.K. adult population applied for a payday loan (4.6 million individuals), with 10 million payday loans provided to 1.6 million successful applicants. 1 The U.K. market is primarily online (or accessed via mobile phone apps), enabling consumers to take out loans within minutes, typically via automated decisioning systems. The online market for payday loans has grown in the United States and is expected to grow in future, yet it has been the subject of very little research. 2 Our data on the U.K. market is particularly detailed. The data includes loan-level records for all payday loans granted in 2012-13 by the largest thirty-seven lenders (together constituting approximately 99% of loans issued). For eleven large lenders, covering approximately 90% of loans issued, the data set also contains details of all loan applications, denied and accepted, including lender credit scores and thresholds for individual loan decisions. Individual customers are matched across payday lenders and to their credit bureau files so that we can track each consumer through the market over the two-year period. 3 We adopt a "fuzzy" RD research design and estimate Local Average Treatment Effects (LATE) of payday loans at the credit score margin of loan acceptance or denial to identify causal effects upon marginal borrowers. Our data is particularly suited for an RD design. It provides a large number of observations of loan applications in close proximity to lender credit score discontinuities for a range of lenders in the market. In the U.K. market, firms construct their own proprietary credit score models and discontinuities, which are unknown to consumers. Therefore, we can be confident that individual consumers have no opportunity to precisely manipulate credit scores around these discontinuities. Econometric tests find no evidence of discontinuities in the density of applications at lender credit score thresholds. We also show continuity of baseline covariates around the threshold in our design.
Crucially, with near-universal data we can accurately identify whether a loan denial resulted in an individual obtaining a payday loan from another lender. Hence we can avoid misclassifying consumers as "not treated" who may actually have received loans. This is important for identification, as applying to another lender is highly likely to be endogenous to the decision received on the first application. Also, without our market-wide data it would not be possible to identify the first application by a customer (and in particular first success in obtaining the product), in which case the estimated treatment effect might conflate prior treatment effects. 4 Our data allows us to avoid these pitfalls.
We provide many results which together provide a broad view of how payday loans affect consumers over time. Using the time dimension in our data, we estimate treatment effects at monthly time horizons up to one year after loan application. First, we find no evidence for substitution away from other forms of formal credit due to obtaining a payday loan. Results actually show using payday loans cause consumers to take on additional credit and debt. Estimates show that payday loan use causes consumers to apply for additional credit within the six months following payday loan acceptance, specifically seen in increased credit card and personal loan applications. Total consumer holding of non-payday credit increases, particularly personal loans, with non-payday loan balances increasing over the course of the year following payday loan acceptance.
We examine a broad range of outcomes, including delinquency and default on other credit held by the consumers, over-limit fees and charges on other credit (such as bank overdraft lines, which in the United Kingdom include over-limit fees), and household bill payment. Results show that payday loan use causes a small, short-lived decrease in the likelihood of these events in the first two to three months after loan acceptance. However, this pattern is reversed in subsequent months with a sharp worsening in consumer outcomes, which persists over the following year. While taking on additional debt in the form of payday loans might mechanically cause consumers to, on average, hold more debt in default (as holding more debt can only increase the likelihood of default), we find that payday loans cause an increase in the share of a consumer's total debt in default, including non-payday loans. Hence, taking on payday loans causes consumers to default on other debts.
The results from our RD estimates (which estimate local average treatment effects) are consistent with those from ordinary least squares (OLS) estimates (which estimate average treatment effects, albeit more likely to be biased). Using OLS models with interaction terms for applicant credit scores, we find that the negative effects of payday loans attenuate at higher credit scores. This suggests that payday loans may be net beneficial to some consumers, particularly consumers with good credit histories who, for some reason, choose to apply to a payday loan-possibly due to a short-term shock that causes them to apply to a credit product out of keeping with their credit score. Overall, our results suggest that payday loans are detrimental on average to consumers in the medium term. 5 4 This is particularly relevant in the payday lending market, in which consumers typically repeat-borrow many times within the year. In our data in 2013, customers accepted for loans took on average six loans per year. In 2013, in the United States the typical payday loan user took on average seven loans per year (Consumer Financial Protection Bureau 2013).
5 One caveat to this conclusion is that recent regulatory changes may give rise to changes in the average welfare effects. For example, in many U.S. states, payday loans are subject to interest rate limits, and since January
Our results are in line with studies that suggest that payday loans exacerbate financial hardship (Melzer 2011; Skiba and Tobacman 2015; Melzer 2018) . Our finding that use of payday loans causes consumers to take on additional credit contrasts with U.S. studies that find payday loans are substitutes for other forms of credit, a finding obtained from studies that exploit state-level lending bans (Morgan, Strain, and Seblani 2008; Zinman 2010; Desai and Elliehausen 2017; Bhutta, Goldin, and Homonoff 2016) . One explanation for this difference may be that in the U.K. online lending market, many loans are sourced via lead generators, who may sell-on leads to more than one lender (hence potentially generating more than one loan offer). Our results also contrast with the recent study by Liberman, Paravisini, and Pathania (2018) , who also use U.K. data and find that applying for a payday loan worsens credit scores (for both successful and unsuccessful applicants), but use of the loan has no further effect on creditworthiness. Their study draws on data from only one lender (and hence they cannot observe whether the applicant receives a loan elsewhere) that serves approximately 2.3% of the market and issues a nonstandard loan product. 6 The main caveats to our results arise from the time-varying nature of the effects of payday loans. The overall effect of payday loans on consumers includes the immediate beneficial effects of the injection of liquidity (i.e., the loan) with the downstream effects on repayment, default, and distress, which we show are on average negative for marginal consumers. In situations when the marginal utility of immediate consumption is high, payday loans may increase overall utility even if they lead to negative future outcomes (Morse 2011). 7 Our main findings must also be taken with the caveat that the RD research designs identify effects only for marginal borrowers.
Loan-Level Data

Data from payday lenders
The FCA data comprise loan-level records for applications to U.K. payday lenders from January 1, 2012, to December 31, 2013, including first-time and repeat applications. For thirty-seven lenders operating in the payday loan 2015, payday loans in the United Kingdom have been subject to an interest rate cap, rollover limits, and stricter enforcement of affordability assessments. In some U.S. states and Canadian provinces, consumer application journeys for payday loans are now subject to mandatory "health warning" information disclosures. These interventions have most likely altered lender supply of, and borrower demand for, payday loans.
market, who together constitute 99% of the total market by loan volume, the data includes records of successful loan applications and loan performance (including information on default and late payments). Within these lenders, additional data was gathered for eleven large lenders who together constitute approximately 90% of the market by loan volume. Data includes details of unsuccessful applications and the credit score value assigned to each application. The data set also includes information about firm credit decision processes, including other screening procedures such as fraud screening.
Taking the loan-level data provided by lenders, the FCA commissioned a U.K. credit bureau to use its proprietary matching technology to identify unique individuals. The credit bureau matched identifying personal information (name, address, date of birth) from firm records to consumer records in their database, and when doing so also matched consumers to their credit files and provided these to the FCA. The resulting data set is a consumer-level data set including nearly all consumer loans and the vast majority of consumer loan applications in 2012-13 and complete credit files from 2008 to 2014. The data set comprises approximately 4.6 million individual consumers who applied for at least one payday loan in 2012-13 (around 10% of the U.K. adult population), including approximately 1.5 million customers who applied for their first payday loan in 2012-13. Our analysis focuses on these first-time loan applicants.
Credit file data
Our main set of outcome measures is taken from credit files provided by the credit bureau. U.K. credit bureau files contain six-year records of all credit and debt items held by a consumer. We use the "raw" credit file, which provides item-by-item details of all credit and debt applications and products held with monthly balance and records of delinquency and default for each product. From these credit file data, we construct four categories of outcome variables: First, loan application details that appear as credit "checks" on customer credit files. Second, credit balance variables that measure the products held by the consumer, the total credit balance of the consumer's portfolio plus individual balances on each product held (credit cards, personal loans, home credit, mail order products, hire purchase products, mortgage products, payday loan products, current accounts, household bill accounts, and other products). Third, measures of bad credit events, including the total number of missed (including late) payments on all credit obligations, plus missed payments by credit product type. Fourth, creditworthiness outcomes, including total balances in default and delinquency, default and delinquency balances expressed as a proportion of total credit balances, and indicators for personal insolvency events such as bankruptcy, which is a rare event in the United Kingdom. 8 This category also includes credit score information.
Regression Discontinuity and Identification
We now explain our approach to econometric identification, which uses a RD methodology. 9 Our interest is in estimating the effects of payday loans on consumers. However, payday loans are not randomly assigned to customers. Consumers whose applications are declined are higher credit risks to the firm and typically exhibit lower income and worse credit histories. Hence the observed outcomes for individuals who use (do not use) payday loans are not necessarily a good indication of counterfactual outcomes for those individuals who do not use (use) payday loans. Prior U.S. studies have mostly addressed this identification problem by exploiting geographic variation in access to payday loans across or within states in the United States as a set of natural experiments. Our exceptionally rich data on credit scores for denied and accepted loan applicants allows us to adopt a RD approach and estimate LATEs, exploiting denied applicants with credit scores just below firm thresholds as a counterfactual for successful applicants with scores just above thresholds.
We now explain the lending decisions of U.K. payday lenders and how we exploit these for identification. A lender typically receives a loan application for a fixed price loan (a loan for which the price is not risk-adjusted to the applicant), which is often matched with the applicant's credit file provided by a credit bureau. Other data sources may also be matched into the loan application data. These, taken together, are used to calculate a lender's proprietary credit score. Some applications are declined before reaching this scoring stage. The credit score is normally a single numeric value on a continuous scale that indicates the willingness of the firm to lend to that individual given his or her characteristics and reflects the probability of default and expected profit of the loan. 10 The level of credit score required to be approved for a loan is known as the "credit score threshold." Applications with credit scores below this threshold are declined. Applications with credit scores at or above this threshold pass through the credit score stage onto loan approval, or possibly further stages in the decision model (including fraud screening and other checks). Hence, lender credit-score thresholds create discontinuities in the likelihood of obtaining a payday loan.
those used by the credit bureau. The data also includes information on formal and informal forms of personal insolvency including bankruptcy and the use of a debt management plan. 9 A RD methodology has also been used recently on U.S. data by Skiba and Tobacman (2015) and Bhutta, Skiba, and Tobacman (2015) . Our study differs from Skiba and Tobacman (2015) and Bhutta, Skiba, and Tobacman (2015) in that, (i) we have access to data from nearly all firms in the market and, (ii) we examine a broad range of financial outcomes, whereas those studies focus on credit score and bankruptcy only. For detailed reviews and guides to the RD research designs approach, see Hahn, Todd, and Klaauw (2001) , Imbens and Kalyanaraman (2008), McCrary (2008) , and Lee and Lemieux (2010) . 10 In the payday lending market, nearly all lenders offer fixed prices on their product offerings. All individuals who are successful for loans are offered loans at the same basic price (though the APR on any particular loan will depend upon amount borrowed and loan period). Hence the purpose of the credit score is solely to inform a binary choice as to whether the loan is offered, or not. Therefore, the credit score calculated by the firm will normally represent an indication of the probability of default. Individuals with good credit scores (low probability of default) will be offered loans; individuals with bad credit scores (high probability of default) will be unsuccessful.
Our RD approach exploits these discontinuities in the likelihood of treatment. The firm data provide a very large number of observations across the credit score distribution both within and across firms. This provides a sufficiently large number of observations close to firm lending thresholds. While consumers can generally improve their credit scores through timely credit repayment and building up a history of credit usage, consumers do not have sufficient information to precisely manipulate their scores around lender thresholds, a key assumption for identification.
Our "treatment" variable of interest is receiving a payday loan. However, applicants declined due to a low credit score at one lender may be subsequently accepted at another lender, and the likelihood of applying to another lender is highly endogenous to the decision from the first lender. Hence we define the treatment variable as receiving a payday loan from any lender within a time period after first-loan application, with our instrument for "fuzzy" RD identification being the firm-specific credit score cutoff threshold of the first lender to which the customer applied. We calibrate the time period by assuming that at the point of payday loan application a customer has some urgent "need" for funds and is more short-term than other consumer credit markets (as implied by the nature of short-term, fast access, high-cost loans) Our main results use a seven day window to define the classification to treatment; however, results are robust to extending this window. 11
RD first-stage discontinuities
We now show results for the "fuzzy" first-stage discontinuities in the data that underpin our RD approach. We use the term "lender process" to describe a sample of applications assessed at a particular credit score threshold by a lender during our sample time period. Some lenders have one lender process for the two-year period of our sample (i.e., they do not change their credit score threshold over the period); other lenders have three or four lender processes. Across the eleven lenders for which we have credit score information, we observe seventeen lender processes within the sample period. 12 We estimate "'fuzzy" first-stage discontinuities using local polynomial regressions for each of the seventeen lender processes. 13 Not all lender-process data samples show jumps in the likelihood of acceptance at the credit score threshold. There are two reasons for this. First, some firms represented by these lender processes place very low weight on the credit score stage of the loan application process in final loan decisions (though this stage in the process may be important for intermediate decisions, such as whether to refer the application to underwriting). Second, the lack of any statistically significant jump may be explained by applicants declined by these firms being successful in obtaining a loan elsewhere. We exclude these non-experiments from our subsequent analysis. 14 Pooling the data from the lender-process samples, we show a first-stage discontinuity plot in panel A of Figure 1 and plot a histogram of the running variable (lender credit score) in panel B. The figure illustrates a clear jump at the threshold in the likelihood of receiving a loan within seven days for first application. The estimated jump is 45 percentage points. Similar sized jumps exist if we extend the window for receiving a payday loan to 10 days, 30 days, or up to two years, with estimates shown in Table 1 . 15 The histogram of the credit score shown in panel B of Figure 1 indicates no large movements in the density of the running variable in the proximity of the credit score threshold. This is to be expected; as described above, features of lender credit decision processes make us confident that consumers cannot precisely manipulate their credit scores around lender-process thresholds. To confirm there are no jumps in density at the threshold, we perform the "density test" proposed by McCrary (2008) , which estimates the discontinuity in density at the threshold using the RD estimator. On the pooled data in Figure 1 the test returns a coefficient (standard error) of 0.012 (0.028), failing to reject the null of no jump in density. 16 Therefore, we are confident that the assumption of non-manipulation holds in our data.
Regression Discontinuity Results
This section presents the main results from the RD analysis. We estimate the effects of receiving a payday loan on the four categories of outcomes described above: subsequent credit applications, credit products held and balances, bad credit events, and measures of creditworthiness. We estimate the two-stage fuzzy RD models using instrumental variable local polynomial regressions with a triangle kernel, with bandwidth selected 14 These lender processes are excluded as they offer no change in the probability of treatment at the boundary. In the fuzzy RD, the treatment effect is estimated as the jump in the outcome at the boundary divided by the jump in the probability of treatment at the boundary. For these lender processes, the latter is undefined; hence these samples are excluded from subsequent analysis.
15 First-stage discontinuity plots are shown for time horizons of 10 days, 30 days, and 2 years in Online Appendix Figure A1 . These estimates are not sensitive to variation in the estimation bandwidth, illustrated in Online Appendix Figure A2 . 16 We also report estimates of the density test on individual lender process data samples, which also fail to reject the null for each lender process, in Online Appendix Table B2 . using the method proposed by Imbens and Kalyanaraman (2008) . 17 We pool together data from lender processes and include lender process fixed 17 The authors derive the asymptotically optimal bandwidth under squared error loss, providing a fully datadependent method for choosing the bandwidth. The optimal bandwidth varies with sample size, to avoid unrealistically large bandwidth choices arising from the curvature of the regression function. However, the authors suggest that researchers should not rely on a single bandwidth but instead illustrate the sensitivity of 192 735,192 735,192 735,192 Table shows local polynomial regression estimated change in likelihood of obtaining a payday loan (from any lender in the market within 7 days, 30 days, 60 days and up to 2 years) at the credit score threshold in the pooled sample of lender data. Sample comprises all first-time loan applicants. Statistical significance denoted at * 5%, ** 1%, and ***0.1% levels.
effects and lender process linear trends on either side of the credit score threshold. 18 We examine a large number of outcome variables-seventeen main outcomes summarizing the data across the four categories of outcomes, with further estimates presented for more underlying outcomes (e.g., the sum of new credit applications is one main outcome variable, measures of credit applications for individual product types are the underlying variables). Given this, we need to adjust our inference for the family-wise error rate (inflated Type I errors) under multiple hypothesis testing. To do so, we adopt the Bonferroni Correction adjustment, considering estimated coefficients to indicate rejection of the null at a lower p-value threshold. With seventeen main outcome variables, a baseline p-value of 0.05 implies a corrected threshold of 0.0029, and a baseline p-value of 0.025 implies a corrected threshold of 0.0015. As a cautious approach, we adopt a p-value threshold of 0.001 as indicating rejection of the null. 19
Results for loan applications, product holdings, and balances
First we present results for loan applications and product holdings, excluding payday loans. Table 2 reports the estimates of the jump at the acceptance threshold. In the period 0-6 months after first payday loan application, new credit applications increase by 0.59 applications (a 51.1% increase of on a base of 1.15) for the treated group and product holdings increase by 2.19 products (a 50.8% increase). The plots in Online Appendix Figure A3 illustrate these discontinuities in credit applications and holdings in the period after the payday loan, with those receiving a loan making additional applications and holding additional products compared with those marginally declined. The effect on credit applications disappears 6-12 months after receiving the payday loan. 20 estimates to alternative bandwidths. This is the approach that we follow in our analysis. All results shown in the paper are estimated using a triangle kernel. Very similar results are obtained using a rectangle kernel. Statistical significance denoted at * 5%, ** 1%, and ***0.1% levels.
Online Appendix Figure A4 shows that estimates for credit products are not sensitive to variation in bandwidth. The estimate for credit applications (6-12 months), which is not statistically significant at the default bandwidth, attenuates at narrower bandwidths. This suggests that consumers complement the receipt of a payday loan with new credit applications, in contrast to much of the prior literature, which suggests that payday loans substitute for other forms of credit. In Online Appendix Tables A1 and A2 we report estimates for individual product types. These show that applications increase for personal loans, and product holdings increase for personal loans and credit cards, in the year after receiving a payday loan. These are mainstream credit products with lower APRs compared with payday loans.
These results suggest that receiving a payday loan prompts consumers to apply for cheaper forms of credit. One explanation for this effect is that there may be an "encouragement effect" of receiving a payday loan. Having received a loan, consumers might believe that their credit prospects have increased and hence apply for more mainstream, cheaper forms of credit. 21 Another held excluding payday loan credit products. We present three figures showing binned scatterplots of the outcome variable with local polynomial lines of best fit shown in bold. The left panel shows the period before the payday loan application, the middle panel shows the period 0-6 months after application, and the right panel 6-12 months after application. The left panel plot is a form of falsification test: pre-payday loan jumps in the outcome variable would indicate preexisting difference between marginally accepted and marginally declined applicants in their credit portfolios (again excluding payday loans), confounding our RD identification strategy. 21 Previous studies document that a share of individuals do not apply for credit because they are discouraged borrowers, choosing not to apply because they anticipate rejection (Jappelli 1990) . One effect of a successful payday loan application may be to reverse this effect, prompting new credit applications.
explanation is that firms might solicit applications from these customers. We cannot distinguish between explanations in the data, as both mechanisms will result in increased loan applications. It is also possible that some consumers take personal loans with a view to consolidating existing debts onto a single cheaper, longer maturity product.
Results for credit balances confirm that this increase in applications leads to increased balances, seen in both total credit balances (including payday loans) and non-payday credit balances. Online Appendix Figure A5 illustrates results for (i) total credit balances and (ii) non-payday credit balances, confirming that increased product holdings also translate to increased credit balances. 22 Non-payday balances also increase. The estimated effects in Online Appendix Figure A5 imply an increase in non-payday balances at 6-12 months after receiving a first payday loan of 64.8%. At narrow bandwidths (below half the IK optimal), these effects are not statistically different from zero at the 0-to 6-month horizon for non-payday balances and at the 6-to 12-month horizon for total balances and non-payday balances, illustrated in Online Appendix Figure A6 . Online Appendix Table A3 shows estimates for balances at the product level and shows, consistent with the results for product holdings, positive effects on balances for personal loans and credit cards, and also deposit account overdraft balances (reflecting additional liquidity arising due to the receipt of new loans).
Results for missed payments, defaults, and creditworthiness
Next we show results for measures of the consumer's credit portfolio performance. We first show results for missed payments (i.e., missing a contractual payment due on, for example, a personal loan) and then show results for measures of default balances and creditworthiness. 23 Figure 2 illustrates results for missing a payment on least one credit account in panel 1 and on at least one non-payday credit account in panel 2. Of course, by definition the likelihood of incurring a bad credit event on a payday loan account can only increase for a first-time applicant who obtains a loan (compared with a denied applicant who does not obtain a loan and therefore cannot miss a payment). However, results show the likelihood of missing a payment rising in the period 0-6 months after receiving a payday loan, and rising for non-payday items in the period 6-12 months after receiving a loan. Results in Table 3 show that the likelihood of missing a payment on a non-payday credit item increases by 31 percentage points 6-12 months after receiving a payday loan, 22 Of course, by definition total credit balances increase with receipt of a payday loan, but these notably persist in the six-to twelve-month period, past the median duration of a payday loan in the data (30 days). 23 In the credit bureau data a missed payment is called a "bad credit event," which includes all forms of missed payments, e.g., missing a minimum payment due on a credit card statement, missing a loan instalment payment, or failing to make a mortgage repayment by the due date. U.K. credit files also include some information on non-payment of household bills. These data are limited to household bills that involve credit agreements, such as mobile phone or utility bills. Housing rents and local taxes are not observed. an increase of 67.4% on the baseline. These estimates become larger (while still being precisely defined) at wider bandwidths, illustrated in Online Appendix Figure A7 . This may reflect the "peaks" in the binscatter plots to the right of the credit score threshold in Figure 2 , panels C and F. Figure 3 , panel 1, illustrates results for credit balances in default. Again, credit balances in default may mechanically increase among those receiving a payday loan compared with those not receiving a loan. Therefore, we construct a measure of default based on non-payday balances: the sum of default balances on non-payday products divided by the sum of all balances (including balances on payday products). An increase in this ratio implies the consumer has more non-payday debt in default as a proportion of the total credit portfolio. The illustration in Figure 3 , panel 1, shows that this this measure is decreasing in credit score from highest risk to lowest risk. Notably, in the period 6-12 months after receiving a payday loan a discontinuity emerges, the estimates in Table 3 showing the ratio increases by 0.07, or approximately 20%. These results for the increased share of debt in default suggest that the effects of payday loans on subsequent defaults are not wholly attributable to increases in total borrowing. Defaulted loan balances increase even as a fraction of total loans. This suggests that payday loans put stress on existing loan commitments. One explanation for this result is that the high servicing cost of payday loans reduces the capacity of consumers to service their existing debt portfolio. An additional measure of severe financial distress on consumers' deposit accounts is whether they have exceeded their overdraft limit. 24 Figure 3 , panel 2, shows positive jumps in the likelihood of exceeding an overdraft limit at both the 0-to 6-month and 6-to 12-month horizons, with estimates in Table 3 implying a 33.4% increase in likelihood at 6-12 months at the threshold. Estimates for outcomes in Figure 3 are unchanged with variation in bandwidth, illustrated in Online Appendix Figure A8 .
A B C D E F
Given the results above, we should expect to observe effects on consumers' credit scores. As discussed earlier, the U.K. credit market does not have a widely used single credit score measure (unlike the U.S. FICO score), and lenders do not typically use a credit bureau credit score when making loan decisions. 25 The credit scores available from the credit bureau in our data are updated at annual frequency. We use the credit bureau's main whole-of-market credit score, from which we calculate the difference in credit score between January 2011 and January 2014. Hence we can estimate an RD model to recover the jump in the change in credit score at the threshold. The estimate, shown in panel C of Table 3 , takes a value of -25.7 points, which against a baseline change in credit score in the sample of -31.7 points, implies an 80.1% additional deterioration in credit score due to receiving a payday loan. However, we add to this result the caveat that limited information can be inferred from credit bureau credit scores in the United Kingdom.
Month-by-month regression discontinuity estimates
Results in the previous section suggest time-varying effects of payday loans on consumers. In summary, we see: (i) credit applications, product holdings and balances increasing 0-6 months after receiving the loan (ii) missed payments, default balances, and other outcomes worsening at the 6-to 12-month horizon. In this section we explore these effects in more detail by estimating models for our main outcome variables defined at monthly time intervals up to 12 months before and 12 months after payday loan application. We cannot estimate effects as precisely in these smaller month-by-month samples. Figure 4 illustrates month-by-month estimates for applications, products, and balances. The line graphs plot the coefficient estimates from the RD models, with 95% confidence intervals shown in bars. 26 The panels show that estimated effects on applications, product holdings, and total balances all 24 In the United Kingdom deposit accounts offer "arranged" overdraft limits, typically with APRs in the range of 10% to 20%. If a customer attempts to borrow beyond the overdraft limit, they incur a penalty fee and a market on their credit file. 25 Detailed information on credit scoring in the United Kingdom is available in Guttman- Kenney and Hunt (2017) . 26 Here we illustrate 95% confidence intervals, with the caveat that these illustrations do not take account of the family-wise error rate.
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Figure 4 Month-by-month treatment effects I: Applications, products, and balances
Figures show RD second-stage estimates from models estimate on monthly data samples of the outcome variable relative to month of first payday loan application (separate regression estimated for each monthly outcome from 12 months before application to 10 months after). Sample comprises all first-time payday loan applications within sample period. 95% confidence interval illustrated by dashed line.
increase sharply in the month receiving a payday loan (the total credit balance obviously increases due to receipt of the payday loan itself), with non-payday credit balances subsequently rising as consumers receive new personal loan credit and increase credit card balances. Figure 5 illustrates results for creditworthiness outcomes. Notably, in the months immediately following receiving a payday loan, there is an estimated reduction in non-payday default balances and the likelihood of exceeding a deposit account overdraft limit. However, the estimated effect becomes positive over the following months, correlating with a rise in the estimated effect on missed payments and the worst account status.
These results therefore suggest some immediate positive immediate effects from obtaining a payday loan in consumer financial outcomes. However, when repayment of the payday loan becomes due, typically after a few weeks' duration, this effect reverses persistently with a much larger effect size.
OLS estimates and heterogeneous effects
The RD models estimate local average treatment effects of receiving a payday loan. The advantage of this methodology is that it offers high-quality A B C D
Figure 5 Month-by-month treatment effects II: Missed payments, defaults, and overdrafts
Figures show RD second-stage estimates from models estimate on monthly data samples of the outcome variable relative to month of first payday loan application (separate regression estimated for each monthly outcome from 12 months before application to 10 months after). Sample comprises all first-time payday loan applications within sample period. The 95% confidence interval is illustrated by the dashed line.
identification. The disadvantage is that estimates are local to the credit score threshold. As shown in the histogram of payday loan application credit score in Figure 1 , much of the mass of applications is from consumers with credit scores away from the threshold. Given the potential for heterogeneous effects from using payday loans across consumers, we are naturally interested in understanding the effects of payday loans on these consumers. Consumers with better credit scores have higher incomes, less impaired credit histories, and generally more positive financial indicators. We might expect that the effects of payday loans would differ for these individuals; for example, it would seem less likely that the costs repaying of a payday loan would present financial difficulty to a high-income individual with access to cheaper credit such as credit cards (though of course it might nevertheless be suboptimal for such an individual to take a payday loan in the first instance). An important caveat in this analysis is that OLS estimates are most likely to be biased by omitted variables and selection effects. For example, consumers applying for payday loans while having high credit scores are likely to be a highly selected group. In this section, we use simple OLS models to estimate average treatment effects on our main outcomes, then explore how estimated effects vary across consumers by credit score and other characteristics. We condition our OLS models on the set of covariates available in the data, and use all of the observations in estimation (incorporating non-marginal accepted and declined applications). Table 4 , panel A, reports results from a parsimonous model for the range of outcome variables, labeled in column headings, with controls listed in the table notes. The "received payday loan" variable is a dummy indicating whether the individual received a loan within seven days of application (regardless of the marginality of their credit score). Outcomes are measured at the 6-to 12-month time horizon. In cases where the estimated coefficients are statistically significant, the coefficient signs are positive for all models other than the model for credit score, indicating that receiving a payday loan is associated with higher applications, balances, default balances, and worsening credit outcomes. Table 4 , panel B, explores how the relationship between receiving a payday loan and the outcomes varies by applicant credit score. 27 The specifications in panel B incorporate interactions of the received payday loan dummy variable with a set of dummy variables indicating the decile of the credit score distribution in which the applicant's payday loan application credit score sits. The lowest decile contains the worst credit scores. The omitted interaction in the models is the sixth decile, which is the decile in which the credit score threshold is located in the RD design.
Estimates reveal a consistent pattern of statistically significant differences in outcomes by credit score decile. The relationship between receiving a payday loan and taking on additional credit products and balances is stronger at higher credit score deciles. This suggests that more creditworthy individuals may find a payday loan to be a gateway to accessing more credit, possibly due to encouragement effects or increased solicitations from lenders. Estimates also show that the negative effects from receiving a payday loan attenuate at higher credit score deciles. The estimated coefficients on the credit score decile interaction terms are negative (in all cases but for credit score, for which the positive coefficients indicate an improvement in credit score compared with the omitted group) and are generally statistically significantly different from the coefficient on the baseline dummy at the 8th-9th decile credit score interaction.
Hence, descriptively, payday loans are associated with reduced likelihood of poor creditworthiness outcomes for individuals with high credit scores. This may arise due to payday loans meeting the liquidity needs of individuals with much better credit scores who, owing to recent changes in their financial circumstances, apply for a payday loan. We might expect that individuals with good credit scores would only apply for a payday loan if they have suffered a recent negative shock (a persistent shock would have already caused 27 The loan acceptance rate increases at higher credit score deciles. Figure 1 illustrates the loan acceptance rate across the credit score distribution. At the highest credit score decile, the acceptance rate is 75.1%, compared with 66.2% at the loan approval threshold. a deterioration in their credit score), for which cases payday loans can provide emergency liquidity relief. We also estimate models in which we add interactions with socioeconomic covariates to the specification used in Table 4 , panel B. Results are shown for gender and age interactions in Table 5 and income and unemployment dummy interactions in Table 6 . These results show two patterns. First, the association between receiving a loan and subsequent credit product holdings and balances changes with age and income. Estimated effects for older individuals are smaller, implying that receiving a loan encourages less accrual of new credit by older households. This is consistent with life-cycle patterns of borrowing needs, which are higher among younger individuals. Estimated effects for higher income groups are larger, implying receiving a loan encourages more accrual of new credit for higher income households. By contrast, we find no effects by gender or unemployment status.
How Do Payday Loans Affect Borrowers?
Second, none of the interaction terms are statistically significant for any of the other outcome variables, including measures of default and credit score. However, this result is perhaps not surprising considering that these covariates enter credit scoring models, and hence loan allocation decisions are endogenous to these covariates. For example, if for a given loan approval, unemployment raises the likelihood of non-payment (which we would expect), then restrict lending to unemployed individuals through credit scoring models. Hence we should not be surprised that, conditional on the credit score, we find no independent information in these variables.
Overall, these results suggest that if we extrapolate away from the credit score thresholds using OLS models, we see heterogeneous responses in credit applications, balances, and creditworthiness outcomes across deciles of the credit score distribution. However, we interpret these results as being suggestive of heterogeneous effects of payday loans by credit score, again with the caveat that these OLS estimates are most likely biased in this analysis.
Discussion
Evaluating the overall effects of payday loans
Can we reconcile our results with a particular view on how payday loans affect consumers? In this section, we discuss how our results relate to three contrasting views that emerge from the prior literature. First is the view that payday loans are better for consumers than the alternatives they turn to when denied access. Second is the so-called debt trap hypothesis that payday loans create a cycle of worsening hardship for consumers. Third is the view that payday loans provide essential emergency consumption insurance to consumers.
The first view gains support from previous U.S. studies based on state lending bans, which show that consumers turn to expensive substitutes such as overdraft lines when payday loan access is removed (Morgan, Strain, and Seblani 2008; Zinman 2010; Bhutta, Goldin, and Homonoff 2016;  How Do Payday Loans Affect Borrowers? , net monthly income, monthly rental/mortgage payment, number of children, housing tenure dummies (home owner without mortgage, home owner with mortgage, renter), education dummies (high school or lower, college, university), employment dummies (employed, unemployed, out of the labor force), interaction terms between receiveing payday loan dummy and credit score decile. * denotes statistical significance at 5% level, ** at 1% level, and *** at 0.1% level. , net monthly income, monthly rental/mortgage payment, number of children, housing tenure dummies (home owner without mortgage, home owner with mortgage, renter), education dummies (high school or lower, college, university), employment dummies (employed, unemployed, out of the labor force), interaction terms between receiveing payday loan dummy and credit score decile. * denotes statistical significance at 5% level, ** at 1% level, and *** at 0.1% level.
Desai and Elliehausen 2017). Our results directly conflict with this view, as they show little or no substitution effects toward other forms of expensive credit for those denied loans. In contrast with the substitution hypothesis, we find evidence of complementary behavior, obtaining a loan causes consumers to apply for, and obtain, additional credit and debt-and these consumers are more likely to hit their overdraft limits in the medium run.
Our results are more consistent with the second view, that payday loans create a cycle of hardship for consumers (Melzer 2011; Melzer 2018; Carrell and Zinman 2014; Skiba and Tobacman 2015) . While we show that obtaining a loan lowers the likelihood of breaching an overdraft limit or incurring a worsening credit event in the immediate time period when the loan is received, this risk increases significantly and persistently over many months. We do not observe the full range of negative effects found in U.S. studies, such as those on health outcomes. 28 For this pattern of outcomes to be consistent with increased overall utility, the short-term liquidity provided by the payday loan must be of extremely high value.
This leads us to the third view-that payday loans provide essential emergency consumption insurance. This view finds particular support in analysis of economic emergencies in Morse (2011) . It may be the case that the negative medium-term effects of using payday loans do not apply to consumers facing emergency consumption needs, or that those risks are consistent with lifetime utility maximization for such consumers. Of course, these views are not necessarily mutually exclusive-there may be some truth in each of these views, and the suggestive evidence of heterogeneous effects of payday loans across consumers implies that this is the case. On average our results appear more consistent with the second view.
Comparison with the U.S. payday lending market
Many studies analyze the effects of payday loans on individuals in the large payday lending market in the United States, as we discuss in the introduction. This naturally raises the question of to what extent we might read-across results from our analysis to the U.S. market. While the essential features of payday loans are very similar in the United Kingdom and United States, we note two key differences that might limit the applicability of our results to the U.S. market.
First, the U.K. market is dominated by online lending, which has been substantially more profitable compared with storefront lending (Financial Conduct Authority 2014). In the period of our analysis, online lenders could access borrower bank accounts electronically. They also commonly used a facility known as a "continuous payment authority" whereby the lender could re-present to the borrower's account at very low marginal cost. This contrasts with the United States, where lenders typically re-present by staff traveling to a bank branch location and presenting the request in person, an activity incurring much higher marignal cost. This cross-country difference may partially explain our results for exceeding overdraft limits among our sample of U.K. borrowers, who are more likely to be depleted of funds in their deposit account due to the ability of firms to request funds frequently at very low marginal cost. Nevertheless, the growth of online lending market in the United States may has seen U.S. payday lenders begin to use similar payment mechanisms. 29 Second, during the period of our data, there was widespread variation in lender reporting to credit bureaus and use of proprietary credit scores. Hence the effects on lender credit scores may be contingent on the data sharing agreements of the lender and the construction of a given credit score metric. U.S. studies draw on FICO scores as the widely used credit score metric allowing comparison across individuals and products over time, as in Bhutta (2014) . No such universal credit score exists in the United Kingdom, so we cannot sum up our results in a single credit score metric. Despite these differences, many of our results are consistent with studies using U.S. data which estimate effects related to default as in Melzer (2011) and Skiba and Tobacman (2015) .
Conclusion
Using a unique data set comprising near all U.K. payday loan applications in 2012-13, combined with customer credit files, we estimate the impact of payday loan use on consumers at the margin of firm lending decisions. We employ an RD research design that exploits lender-specific credit score discontinuities.
We find that payday loan use causes consumers to apply for additional credit card and personal loan credit within six months following payday loan acceptance. This results in successful loan applicants taking out more nonpayday loans and total non-payday credit increases, particularly for personal loans. But payday loans cause deterioration in consumer creditworthiness. The likelihood of delinquency on non-payday debt increases. After a small onemonth decrease, payday loan use persistently increases the likelihood that a consumer will exceed the arranged overdraft limit; the percentage of nonpayday loan balances in default increases and consumers' credit bureau credit scores decline. Estimated average treatment effects from OLS models show that these negative effects of payday loan use decrease at higher credit score thresholds but do not appear to be heterogenous across consumers by other characteristics, conditional on credit score. 29 The Consumer Financial Protection Bureau (2016) describes the use of multiple electronic re-presentations by U.S. online lenders, including evidence that this facility pushes the checking accounts of some U.S. payday lending borrowers into debt. Statistics on the size of online payday lending in the United States market, which might put this behavior into the broader market context, are sparse. Pew Charitable Trusts. (2012) find that one-quarter of U.S. payday loan borrowers use online lenders in survey data from 2011.
